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Abstract

All D-pentoses are synthesized by one-carbon chain elongation commencing with the addition of the lithium salt
of ethyl ethylthiomethyl sulfoxide to 8- (t-butyldimethylsilyl)-3,40-isopropylidenep-erythrose ana-threose,
16 and17. The addition of the above-mentioned nucleophile to 2-deoxycBidepropylidenep-glycero tetrose,
19, gave rise to 2,3-dideoxyp-glycero pentose. The starting aldehydEs, 17 and19, are easily available from
2,3-O-isopropylidenen-glyceraldehydel, and ethyl ethylthiomethyl sulfoxide. © 1999 Elsevier Science Ltd. All
rights reserved.

1. Introduction

One of the goals in organic chemistry is the preparation of chiral molecules, in high chemical yields and
enantiomeric excess, so that they can be used as chiral starting materials in the synthesis of more elaborate
moleculest In this sense, monosaccharides as well as their three- to five-carbon derivatives are especially
interesting, since starting from them, a large variety of biologically interesting compounds, such as
natural and non-natural sugars, antibiotics, and nucleosides, amongst many others, can be syhthesized.
This explains the importance of finding new methodologies enabling the stereocontrolled building of 1,2-
and 1,3-diols with the desired stereochemical arrangement. Synthesis of this kind of chemical structure
has often been performed by transforming naturally occurring chiral compduhdsiich has led to a
wide range of carbohydrates. Nevertheless, this procedure does not always enable certain compounds
to be obtained, either because the suitable starting material is not available or because a large number
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of synthetic steps is needed to reach them. Therefore, it is more convenient to design an asymmetric
synthesis enabling the stereocontrolled building of the polyhydroxylated chain existing in the desired
monosaccharide.

The methods of asymmetric synthesis which have led to the best results in monosaccharide synthesis
have been the use of chiral catalysts (asymmetric epoxid&tfoasymmetric dihydroxylatio? and
enzymatic catalysid), the use of chiral auxiliaries as asymmetric inductors (a chiral sulfinyl gfoup
or norephedrine derivativé), and the use of enantiomerically pure chiral precur§bntrolling the
formation of a new stereogenic center. Closely related to the latter category, one of the most used chiral
substrates for the synthesis of monosaccharides i©2s®propylidenen-glyceraldehydel, which has
been reacted with a wide range of nucleophiles with the aim of elongating its hydrocarbon chaintby one,
two,%® or more carbon atom,which leads to tetroses, pentoses, hexoses and higher monosaccharides.

2. Results and discussion

In this paper we report the stereoselective synthesis of four- and five-carbon polyalkoxyaldehydes,
by means of the consecutive one-carbon chain elongation d-2s8propylidenen-glyceraldehyde, by
using commercially available ethyl ethylthiomethyl sulfoxide (EETMS) as the nucleophilic reagent.

The first reaction cycle begins with addition of the lithium salt of EETMS onto aldefyét#lowing
our previously described procedufeThe reaction shows a highnti-diastereoselectivity, giving rise
to D-threo and D-erythro alcohols in a 4:96 ratio, which enables a straightforward route-¢oythrose
(Scheme 1). This reaction has been performed starting from 0.1 mol of ald&hsyale 23 g (0.08 mol) of
the diastereoisomeric mixture oferythro alcohols2-5 have been easily obtained, which demonstrates
that it can be scaled up as required in synthetic processes.

In order to widen the scope of this methodology to the synthesis of five-carbon polyalkoxyaldehydes,
we have investigated the protection of the newly generated hydroxyl group with a variety of reagents, as
well as the removal of the protecting group of the aldehyde.

The reactions aiming at the protection of the hydroxyl group, starting fsehydroxydithioacetal
mono-<S-oxides 2-5 in the presence of benzylbromide, 3,4-dihydig-gyran andt-butyldimethylsilyl
chloride, did not give rise to the desired products. The use of the two latter protection reagents led to the
recovery of the unaltered starting material after several days under reaction conditions. The reaction with
BnBr afforded the corresponding ketene dithioacetal m8waide 32, resulting from dehydration.

Therefore we decided to first reduce the sulfinyl moiety of diastereoisoPréraith LiAIH 4, which
gave dithioacetab as the major reaction product (THF reflux) @hydroxydithioacetal¥ and8 (Et,O
reflux or THF at 45°C) depending on the reaction conditions t&extHydroxydithioacetal7, with
the threo configuration, has been protected as its corresponQhagetyl, O-tetrahydropyranyl, an®-
t-butyldimethylsilyl derivative (compoundd, 10 and11, see Table 1). So far as its epintrwith the
erythro configuration, is concerned, it has been treated under the same conditions leading to acetylation
and formation of THP, TBDMS and benzyl ethers (compoub®sl5, respectively, see Table 1). The
protection reactions took place, in all the cases that we investigated, with excellent chemical yields
(quantitative for THP and TBDMS derivatives). All these results demonstrate that this procedure enables
the preparation of aldose derivatives bearing differently protected hydroxyl groups, which should be
required for further stereoselective synthetic transformations.

Following our research project, we carried out the hydrolysis of the dithioacetal moiety in order to
recover the free aldehyde, and through a second chain enlongation, attain five-carbon monosaccharides.
Hydrolysis reactions of diethyldithioacetas 11, 14 and 15 with HgO—HgC} in acetone, gave rise to
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the corresponding aldehydekd( 16, 17 and18, respectively, see Table 1), in almost quantitative yields
in all the cases considered.

As the starting materials to perform the chain elongation, we chos@-gilyl derivatives16 and17,
since they have a bulky protecting group, and therefore, the diastereoselectivity of the hydroxylation
reaction should be presumably higher. We also used the 2-deoxy derit8timening at the synthesis
of the corresponding 3-deoxypentoses. Subsequent reaction of the aldehyabehibiting b-erythro
configuration, with the lithium salt of EETMS yielded a mixture of diastereocisomeric alcohols, which
without further purification, was treated with the reducing agent LiAtiblobtain the corresponding die-
thyldithioacetals witlp-ribo 20 andD-arabino21 configurations, in 88:12 ratio. The major stereoisomer
20 could be easily isolated.

In the reduction of the sulfinyl group, we observed concomitant desilylation. Hence, the next step
involved the protection of hydroxyl groups with DMP under acidic conditions to reach the corresponding
di-O-isopropylidene derivative®2 and 23 (Scheme 2). We have chosen this protecting group because
the di-O-isopropylidene derivativ@2 is the precursor of its epim&3, produced through isomerization
under basic conditions (following the procedure reported by Sharples&)eTak absolute configuration
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Table 1
Reactions of protection of the hydroxyl group and hydrolysis of the dithioacetal

6: R=Ry=H 9-11: Rg=H 16: Ri=OTBDMS; Ry=H
7: Ry=OH; Ry=H 12-15; Ry=H 17: Rg=H; R,=OTBDMS
8: Ry=H; R,=OH 18: Ry=H; R4=0Bn
19: Ry=R,=H

Substrate  Rj(or Ry) Product Yield (%)* Aldehyde (Yield)

7 OCOCH;’ g'se 85

7 OTHP* 10 98

7 OTBDMS* 11 98 16 (98%)

8 OCOCH;" 12'% 90

8 OTHP* 13 98

8 OTBDMS* 14 98 17 (98%)

8 OBn* 15 70 18 (95%)

6 - - - 19 (90%)

a: Isolated yield; b: Ac,O/pyridine; c: 3,4-dihydro-2H-pyran/PTSA; d:TBDMSCI/DMF/Imidazole;
e: BnBr/NaH/'‘Bu,NI.

of epimers22 and23, and therefore, that of compoun@é and21, was elucidated by comparison with
the products synthesized from naturatibose and-arabinose following literature procedurésH and
13C NMR spectra of these compounds were superimposable, and their specific rotations were similar in

sign and magnitude.
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Sofar as it is concerned with the chain elongation oftireoconfigured aldehyd#&6, the procedure
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follows the same reaction sequence as described for compbund this case the reduction of the
sulfinyl group led to diethyldithioacetals showimglyxo 25 and D-xylo 26 configurations, in a 70:30

ratio, as well as trace amounts of the corresponding 2-deoxyderi@giy®cheme 3). In this case, the
diastereoselectivity of the process is only moderate, nevertheless both epimers can be easily separated
and purified. The configuration of epime28 and 26 has been establised by their transformation into

the corresponding db-isopropylidene derivative®7 and 28, and their comparison with the products
synthesized starting from the natural sugardyxose andp-xylose, respectivel§? Their 'H and3C

NMR spectra were superimposable, and their specific rotations were similar in sign and magnitude. As
in the previous case the @-isopropylidene derivativ@5, can be transformed into the corresponding
aldose withp-xylo configuratiorf
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The usefulness of the dd-isopropylidene derivative®2 (D-ribo) and 27 (D-lyxo), obtained as
the major products from the addition of EETMS to the aldehy@iégp-erythrg and 16 (D-threg),
respectively, is even greater if we bear in mind that these compounds are precursors of the corresponding
2-deoxypentoses following the method described by Gray%t all.

Accordingly, in order to synthesize 3-deoxypentoses, we carried out the chain elongation of aldehyde
19, with the lithium salt of EETMS and further reduction of the crude with LiAlld THF at 45°C.
After this two-step sequence, the corresponding 3-deoxypen@@esd 31 were isolated only in
small amounts, and, surprisingly, 2,3-dideoxypent®8evas obtained as the major product. In another
experiment carried out in refluxing THF, the compo@8&ivas obtained as the only product (Scheme 4).
This result is a new 2,3-dideoxy-pentosé? synthesis, which is a useful intermediate for the preparation
of dideoxycytidine?®

1H NMR data of the obtained diethyldithioacetal tetrose and pentose derivatives allowed us to establish
a correlation between vicinal coupling constantgYJand relative configuratioreythro or threo) for
each compound. This correlation between configuration and conformation in diethyldithioacetals of aldi-
tols has been previously used to predict the most favored conformations so as to assign configtrations.

We observed that, ip-tetrose derivatives, the d value is larger for compounds exhibitiregythro
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Table 2
Vicinal coupling constants (Hz) of diethyldithioacetalmtetrose ana-pentose derivatives

comp. J34 J23 J23 J34 comp.
7 3.7 7.6 8
threo erythro
9 4.2 7.0 12
threo erythro
10 3.5 8.3 13
threo erythro
7.0 15
erythro
25 3.2 8.5 7.1 8.2 20
D-lyxo threo erythro erythro erythro D-ribo
26 5.1 1.5 - - 21
D-xylo threo threo D-uarabine
27 3.0 5.7 6.5 9.3 22
D-lyxo threo erythro erythro erythro D-ribo
28 3.2 7.4 6.9 7.3 23
D-xylo threo threo threo erythro D-arabine

configuration £7 Hz for compounds8, 12, 13 and 15, see Table 2) than for compounds witireo
configuration £4.2 Hz for compoundg, 9 and10).

In the case ob-pentose derivatives, we observed that compounds bearing hydrogens H-C3/H-C4 with
erythroconfiguration show larger values af4X>7.3 Hz for compound&0, 22 and23) than those of their
isomers bearing such hydrogens witineo configuration £5.1 Hz for compound&5-28). Concerning
the values of g3, this correlation can be established only for hydroxy derivatives, where the values of J
are larger for arrythro configuration £7.1 Hz for compound20 and25) than for athreo configuration
(<1.5 Hz for compoun®6, see Table 2).

Bearing in mind the dependence existing between jpevdlue and the dihedral angle formed by the
implied hydrogen atoms, a preferentsgihor anti arrangement of such hydrogens may be inferred, which
would be related to a relativilareo or erythro configuration, respectively. The observed deviation from
the J;c values of some of these derivatives may be due to the presence of bulky substittdertd 14,
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see experimental section) or to the restrictions in the free bond rotation as a consequence of being part of
a cycle (g 3 for compound2, 23, 27 and28).

A similar correlation was observed in the case of deoxy derivay@8 and31, where asynor anti
relationship can also be inferred between vicinal hydrogens from the values of the coupling constants
between such hydrogens. As shown in Scheme 5, is@Mbas a 4:.=8.1 Hz at H-3, so a preferential
anti arrangement of its vicinal hydrogens may be inferred. On the other hand, the geminal protons have a
J<4.6 Hz, which would be correct for a preferentighdisposition. From all these data we have assigned
the R* absolute configuration at C-2 for this compound. In contrast, is@3fhqrossesses ong>8 Hz
and another . <4.5 Hz at both hydrogens (3 and)3in accordance with aanti andsyngeometry in
relation to their vicinal hydrogens, which would be suitable foSaabsolute configuration at C-2.

J3,2=2.3
a,0=9.9

' N J
HHO H, QiH Hy OH/
S FO0N LiFg 7

v O CHSE. o\/,/‘ > NCH(SEY),
¥ '______\\ ________ >J4,,=3.0 VH.

HAR T
3 43
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Jq 4=4.6 Js' 4=4.5
30 31
Scheme 5.

In summary,b-erythrose8, and b-threose?, a-hydroxydithioacetal derivatives (derived from 2,3-
O-isopropylidenep-glyceraldehydel and EETMS) are stable intermediates which can be differently
protected and easily converted into aldehydes with the aim of using them in subsequent synthetic
transformations. Hydroxyalkylation af-erythrose ana-threose derivatived,6 and17, resulted in the
total transformation of the starting product, so that the four stereoisonpantoses can be obtained
by this procedure. The same reaction sequence carried out on 2-deglygero tetrose gave rise to a
2,3-dideoxyb-glycero pentose derivative9, in high yield. Additionally, the vicinal coupling constant
values of the obtained diethyldithioacetaldetrose ana-pentose derivatives, enable the assignment of
ananti or asynrelationship between vicinal hydrogens, which is related to their relatiyidaro or threo
configuration, respectively.

3. Experimental
3.1. General methods

Dry solvents and liquid reagents were distilled under argon just prior to use: THF and diethyl ether
were distilled from sodium and benzophenone ketyl; EETMS was distilled at reduced pressure. NaH
(60% mineral oil) was activated by repeated treatment with hexane, and further removing the solvent at
reduced pressure. All reactions vessels, after being flame-dried, were kept under argon. Organic solutions
were dried over anhydrous sodium or magnesium sulfate, and the solvent was evaporated at reduced
pressure below 40°C.

TLC was performed on glass plates coated with silica gel G (Merck) or SI-F-254 (Scharlau), spots
being developed either with sulfuric acid in ethanol (10%) or with phosphomolybdic acid in ethanol.
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Column chromatographic separations were determined by using silica gel Merck 60 (70-230 mesh,
ASTM, for gravity chromatography) or 230—400 mesh (for flash chromatography).

Optical rotations were measured with a 141 Perkin—Elmer polarimeter. Specific rotations are given in
units of 10 deg cn? g1

1H NMR spectra (300 MHz, CDG) and*3C NMR (80 MHz, CDC}) were determined with a Bruker
AC-300 spectrometer. Chemical shifts were measured in ppmrélative to SiMa as the internal
reference; signal multiplicities are quoted as s, singlet; d, doublet; dd, double doublet; ddd, doubled
double doublet; dddd, double double doublet; dq, double quartet; t, triplet; g, quartet, and m, multiplet.
J values are given in hertz. Diastereoisomeric ratios were determined by integration of well separated
signals of'H NMR spectra. IR spectra were measured using a Nicolet FTIR-20-SX spectrometer. Mass
spectra were recorded by the direct insertion technique by electronic impact (El), using an HP-588-A
spectrometer at 230 eV with a source temperature of 200°C. Elemental analyses were determined with a
Carlo Erba elemental analyzer 1106.

2,3-0O-Isopropylidenen-glyceraldehyde 1, was synthesized from 1,2:5,6-@Hsopropylidenes-
mannitol by oxidation with sodium periodat. 2-Deoxi-3,40-isopropylidenes-glycero-tetroses,
3,4-0-isopropylidenen-threose?, 3,4-0-isopropylidenep-erythrose8 diethyldithioacetald? and their
O-acetyl derivative®¥? 9 and12, were prepared as previously described.

3.2. General method for protection with 3,4-dihydrd-pyrar?®

3.2.1. Of alcoholr

To a solution of compound (250 mg, 0.94 mmol) and 3,4-dihydrd42pyran (395 mg, 4.7 mmol),
in CH,Cl, (4 ml), at 20°C, PTSA (9 mg, I8 mmol) was added. The mixture was stirred for 2 h at
the same temperature, poured intg@®&{6 ml) and washed with saturated aqueous solution of NatHCO
(6 ml), and NaCl (6 ml), and extracted with ethex@ml). The combined ethereal layers were dried
over MgSQ, the solvent was removed under reduced pressure, and the residue was purified by column
chromatography (hexane#8, 25:1) to give compountlO (320 mg, 0.92 mmol, 98%) as a colorless oil.

3.2.1.1. 20-Tetrahydropyranyl-3,43-isopropylidenen-threose  diethyldithioacetal 10. R;=0.52
(hexane:ELO, 2:1); [x]p?°=+19.1 (c 0.1, CHG); 'H NMR § 1.19-1.48 (m, 12H, (B3CH,S)- and
C(CHg)2), 1.50-1.65 (m, 4H, H-C4and H-C5), 1.68-1.91 (m, 2H, H-C®§, 2.71-2.78 (m, 4H,
(CH3CH,S)-), 3.45-3.92 (m, 2H, H-C3 4.04 (dd, 1H, 94 6.9, Jem 8.2, H-C4), 4.10 (d, 1H,1}
3.0, H-C1), 4.11 (dd, 1H,3) 6.6, Jem 8.2, H-C4), 4.25 (dd, 1H, 2 3.0, 33 3.5, H-C2), 4.42
(ddd, 1H, 3, 3.5, 34 6.9, 3 4 6.6, H-C3), 4.83 (dd, 1H,1d¢5 2.8, J' & 4.8, H-C1); 13C NMR §
14.1 and 14.5 @H3CH,S)-), 19.8, 25.1, 25.4, 26.2, 30.7 ((GBH,S)-, C-4, C-5, C-6), 25.1 and
26.6 (CCHs)2), 53.0 (C-1), 62.9 and 65.3 (C53C-4), 76.6 and 80.8 (C-2, C-3), 100.7 (C;1107.9
(C(CHsa)2); IR (KBr, liquid film): 3000, 1455, 1385, 1375, 1260, 1210, 1160, 1130, 1060, 975, 870, 815
cm1; MS (m/e) (relative intensity): 350 (0.2, W, 335 (0.3, M—CHjz), 289 (0.2, M—C,HsS), 248 (4,
C11H200282+), 135 (40, QH1182+), 101 (33, QH902+), 85 (100, QH90+), 43 (26, QH3O+). Anal.
calcd for GgH3004S,: C, 54.82; H, 8.63. Found: C, 54.75; H, 8.60.

3.2.2. Of alcohoB

Following the same above-described procedure, starting from com@@40 mg, 0.9 mmol) in
CHCly (4 ml), 3,4-dihydro-M-pyran (379 mg, 4.5 mmol) and PTSA (1.72 mg, %A% 3 mmol),
compoundl3 (310 mg, 0.88 mmol, 98%) was obtained as a colorless oil after column chromatography
(hexane:E4O, 20:1).
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3.2.2.1. 20-Tetrahydropyranyl-3,43-isopropylidenes-erythrose diethyldithioacetal 13. R;=0.64
(hexane:ELO, 2:1); [x]p?°=+77.9 (c 0.52, CHG); *H NMR & 1.27 and 1.29 (2t, each 3H)7.4,
(CH3CH,S)-), 1.35 and 1.41 (2s, each 3H, C(gh), 1.52-1.80 (m, 6H, H-C4 H-C5, and H-C6),
2.67 and 2.74 (2c, each 2H;0J7.4, (CHCH2S)-), 3.46-3.93 (m, 2H, H-C3, 3.98 (dd, 1H, g, 1.5,
$38.3, H-C2), 4.10 (dd, 1H4}% 6.3, Jem 8.6, H-C4), 4.15 (d, 1H,1.} 1.5, H-C1), 4.20 (dd, 1H,J3
5.0, Jem 8.6, H-C4), 4.34 (ddd, 1HzJ 8.3, 34 6.3, 3 4 5.0, H-C3), 4.95-4.97 (m, 1H, H-Q113C
NMR & 14.5 and 14.6 @H3CH,S)-), 20.2, 25.2, 25.4, 26.3, 30.7 ((GEBH,S)-, C-4, C-5, C-6),
25.2 and 26.9 (GTHs)7), 53.3 (C-1), 63.7 and (C*3C-4), 75.2 and 81.5 (C-2, C-3), 100.6 (C;1109.2
(C(CHg)2); IR (KBr, liquid film): 3000, 1455, 1385, 1375, 1260, 1220, 1160, 1130, 975, 855, 798 cm
MS (m/e) (relative intensity): 350 (1%, NI, 289 (0.5, M—C,HsS), 248 (5, GiH200.S,*), 220 (14,
C9H160252+), 135 (55, QH;L]_SQJr), 101 (32, QHgOer), 85 (100, QHgOJr), 43 (19, QH3O+). Anal.
calcd for GgH3004S,: C, 54.82; H, 8.63. Found: C, 54.75; H, 8.60.

3.3. General method faD-silylationt®¢

3.3.1. Of alcoholr

To a solution of compound (798 mg, 3 mmol) in DMF (2 ml), imidazole (408 mg, 6 mmol) and
t-BuMe,SiCl (1.3 g, 6 mmol) were added. The solution was stirred at 70°C for 50 h, cooled to rt,
poured into water (100 ml), and extracted with@t{2x45 ml). The combined ethereal layers were dried
over NaSQy, the solvent was removed under reduced pressure, and the residue was purified by column
chromatography (hexane#8, 20:1) to give compoundl (1.12 g, 2.94 mmol, 98%) as a colorless oil.

3.3.1.1. 20-(t-Butyldimethylsilyl)-3,49-isopropylidenen-threose diethyldithioacetal1l. R;=0.81
(hexane:E£O, 2:1); [x]p?°=-29.3 (c 0.52, CHG); *H NMR & 0.12 and 0.15 (2s, each 3H, (€}Si-),
0.92 (s, 9H, (CH)3CSi-), 1.25 and 1.26 (2t, each 3K;cJ.4, dic 7.5, ((H3CH,S),-), 1.35 and 1.40 (2s,
each 3H, C(CH),), 2.63 and 2.78 (2c, each 2H,:J7.5, (CHCH2S)-), 3.66 (d, 1H, d» 2.2, H-C1),
3.71 (dd, 1H, 43=Jem 8.0, H-C4), 3.99 (dd, 1HJ} 2.2, 33 7.2, H-C2), 4.05 (dd, 1H4J3 6.2, Jem
8.0, H—C4), 4.29-4.36 (m, 1H, H-3}3C NMR § -4.1 and -4.7 ((CH)2Si-), 14.5 (CH3CH2S)-),
18.5 ((CHp)3CSi-), 24.9 and 26.1 ((CECH2S),-), 25.5 and 26.6 (@EH3)2), 26.0 (CH3)3CSi-), 26.1
(CH3CH3S-), 26.6 (CCHs3)2), 54.4 (C-1), 65.8 (C-4), 78.5 and 78.8 (C-2 and C-3), 108&Hs3)2);
IR (KBr, liquid film): 2995, 1470, 1460, 1385, 1375, 1260, 1220, 1130, 1075, 840, 785 &A% (m/e)
(relative intensity): 380 (0.2%, V), 365 (2, M'—Me), 323 (10, M-t-Bu), 305 (4, G4H2903SSi"), 265
(50, G1H21035;7), 161 (26, GHoO3S"), 135 (38, GH11S,™), 101 (100, GHeO,"), 73 (84, GHs02Y),
59 (29, GH;0"), 43 (49, GH30"). Anal. calcd for G7H3603S,Si: C, 53.64; H, 9.53. Found: C, 53.68;
H, 8.95.

3.3.2. Of alcohoB

Following the above-described procedure for the silylation of compdatirstiarting from compound
8 (1.46 g, 5.49 mmol) in DMF (4 ml), imidazole (747 mg, 10.98 mmol) arBluMe,;SiCl (1.7 g,
11.35 mmol), compound4 (2.05 g, 5.40 mmol, 98% vyield) was obtained as a colorless oil after
chromatographic purification (hexanei@t 20:1).

3.3.2.1. 20-(t-Butyldimethylsilyl)-3,49-isopropylidenes-erythrose diethyldithioacetal4. R;=0.78
(hexane:E4O, 2:1); [x]p?°=+17.2 (c 0.52, CHG); *H NMR & 0.12 and 0.20 (2s, each 3H, (@}Si-),
0.89 (s, 9H, (CH)3CSi-), 1.27 (t, 6H, Jc 7.4, ((H3CH,S)-), 1.33 and 1.40 (2s, each 3H, C(&)h),
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2.60-2.77 (m, 4H, (CBCH»)2S-), 3.90 (dd, 1H,4)3 6.1, Jem 8.3, H-C4), 3.99 (d, 1H,1.} 1.8, H-C1),
4.01 (dd, 1H, 41 1.8, 336.1, H-C2), 4.08 (dd, 1H4J3 6.4, }em 8.3, H—-C4), 4.30 (ddd, 1H,3b=% 4
6.1, 34 6.4, H-C3);13C NMR § -3.6 and -4.5 ((CH)2Si-), 14.5 and 14.6 GH3CH,S)-), 18.3
((CH3)3CSi-), 25.0 and 26.6 (@H3)2), 25.8 and 26.6 ((CECH.S),), 25.9 (CH3)3CSi-), 54.7 (C-1),
66.6 (C-4), 76.5 and 77.2 (C-2, C-3), 108@(CHs)2); IR (KBr, liquid film): 2995, 1475, 1465, 1385,
1375, 1260, 1220, 1130, 1075, 835, 780°¢nMS (m/e) (relative intensity): 380 (0.2%, N1 365 (0.6,
M*—Me), 323 (6, M—t-BU), 305 (1, Q4H2903SSi+), 265 (8, Q1H2103SQ+), 161 (34, QHgOgg), 135
(45, GH11$;%), 101 (100, GH9O2*), 73 (63, GHs02%), 59 (20, GH;0"), 43 (35, GH30"). Anal. calcd
for C17H3603S,Si: C, 53.64; H, 9.53. Found: C, 53.68; H, 8.95.

3.4. General method fdD-benzylatiod®©

3.4.1. Of alcohoB

To a solution of compound (1.34 g, 5.04 mmol) in THF (60 ml), a 60% suspension of NaH (129 mg,
5.36 mmol) in mineral oil was added at rt. The mixture was stirred at reflux for 30 min, cooled at rt and
thent-BuyNI (157 mg, 0.43 mmol) and benzylbromide (0.64 ml, 5.36 mmol) were successively added.
The solution was stirred for 2 h at rt, the solvent was removed in vacuo and the residue was treated with
a saturated aqueous solution of NaH{JB0 ml) and extracted with C¥Cl,> (2x30 ml). The combined
organic extracts were dried (A8Q;), the solvent was removed under reduced pressure, and the residue
was purified by flash chromatography (hexanglEt4:1) to yield compound5 (1.26 g, 3.53 mmol,
70%) as a colorless oil.

3.4.1.1. 20-Benzyl-3,40-isopropylidenep-erythrose diethyldithioacetal5. Rf=0.64 (hexane:RD,
1:1); [®]p?°=+39.6 (c 1.06, CHG); 'H NMR & 1.25 and 1.29 (2t, each 3HiJ7.4, (GH3CH,S)-),
1.34 and 1.40 (2s, each 3H, C(eh), 2.66-2.76 (m, 4H, (CECH2S)-), 3.86 (dd, 1H, g1 2.3, 33
6.8, H-C2), 3.89 (dd, 1H,4} 5.7, Jem 8.6, H-C4), 4.08 (dd, 1H4J3 6.4, Jem 8.6, H-C4), 4.09 (d,
1H, % 2.3, H-C1), 4.37 (ddd, 1H33 6.8, 34 5.7, 3 6.4, H-C3), 4.72 and 4.92 (AB system, 2H,
J 11.3, PhCH), 7.26-7.38 (m, 5H, §Hs-); 23C NMR § 14.4 and 14.5 @H3CH,S)-), 25.1 and 26.7
(C(CH3)2), 25.5 and 26.3 ((CECH2S)-), 53.2 (C-1), 66.5 (C-4), 74.7 (Rlidy), 75.9 and 83.0 (C-2,
C-3), 108.8 C(CHs3)>), 127.7, 127.9 and 128.2 {8s), 137.93 Cpr—CHpy); IR (KBr, liquid film): 3050,
3000, 1460, 1385, 1375, 1270, 1220, 1170, 1060, 855, 758, S (m/e) (relative intensity): 356 (2%,
M™), 295 (2, M'-C,H5S), 248 (3, G1H200.;:%), 188 (4, GH160,S"), 135 (84, GH11S,*), 101 (30,
C5H902+), 91 (100, GH7+), 43 (53, QH30+). Anal. calcd for Q8H2803521 C,60.63; H, 7.92. Found: C,
60.75; H, 7.93.

3.4.2. Of alcohol® and3

Following the above-described procedure for the benzylation of comp@8urafarting from the
diastereoisomeric alcohdfs2 and 3 (1.13 g, 4 mmol) in THF (50 ml), NaH (170 mg, 4.25 mmol),
t-BuNI (148 mg, 0.4 mmol) and benzylbromide (0.5 ml, 4.25 mm8B,(726 mg, 2.8 mmol, 70%,
reaction time 4 h) was isolated as a colorless oil by flash chromatography (hexé&nelHi).

3.4.2.1. (B)-1-Ethylsulfinyl-1-ethylthio-2-deoxy-3@-isopropylidenen-glycero-tetra-1-enose 32
Ri=0.55 (Ep0); [x]p?°=+127.4 (c 0.5, CHG); 'H NMR & 1.19 (t, 3H, Jic 7.3, GH3CH,S-), 1.30
(t, 3H, Jic 7.3, H3CH,SO), 1.42 and 1.45 (2s, each 3H, C(§#H), 2.67-3.20 (m, 4H, CECH>S-,
CH3CH,SO0-), 3.64 (dd, 1H,4k 6.9, Jem 8.2, H-C4), 4.18 (dd, 1H,4d3 6.9, Jem 8.2, H-C4), 5.24
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(ddd, 1H, 35 8.2, 34=%4 6.9, H-C3), 6.90 (d, 1H,2}% 8.2, H-C2);3C NMR § 14.8 and 15.0
(CH3CH,S, CH3CH,S0), 25.8 and 26.5 (©H3)2), 29.6 (CHCH,S-), 44.7 (CHCH,SO0), 68.9 (C-4),
73.3 (C-3), 110.2¢(CHz)>), 139.8 (C-1), 141.2 (C-2); IR (KB, liquid film): 3000, 1610, 1460, 1385,
1375, 1250, 1220, 1160, 1065, 970, 840, 760%5rMS (m/e) (relative intensity): 264 (1%, N, 239
(3, M*=Me), 189 (2, GH170,S"), 161 (12, GHyOS"), 145 (3, GHoS:*), 101 (37, GHO2*), 59 (34,
C3H70"%), 43 (100, GH30%). Anal. calcd for GiH2003S;: C, 49.98; H, 7.62. Found: C, 50.03; H, 7.59.

3.5. General method for dithioacetals hydroly8

3.5.1. Of dithioacetal 1

Compoundl1 (740 mg, 1.95 mmol) in a mixture of acetone (6 ml) and water (0.5 ml) was treated with
HgCl> (1.25 g, 4.6 mmol) and HgO (1.25 g, 5.78 mmol). The reaction mixture was stirred for 2 h at rt.
The solvent was removed in vacuo, CH@las added and then the mixture was filtered through a Celite
pad and washed with the same solvent. The filtrate was treated with saturated aqueous solution of Kl and
water. The organic layer was dried (MgpQand the solvent was removed under reduced pressure to
give purel6 (535 mg, quantitative yield) as a colorless oil.

3.5.1.1. 20-(t-Butyldimethylsilyl)-3,40-isopropylidenen-threose 16. R;=0.57 (hexane:RO, 2:1);
[x]p%°=+182.3 (c 0.85, CHGQ); spectroscopic data for compourkb are coincident with those
reportedt®¢ IH NMR § 0.08 and 0.10 (2s, each 3H, (@Si-), 0.92 (s, 9H, (CH)3CSi-), 1.33 and
1.41 (2s, each 3H, C(Gib), 3.93 (dd, 1H, J3 6.1, Jem 8.8, H-C4), 4.04 (dd, 1H,»J 1.3, 33 4.9,
H-C2), 4.06 (dd, 1H,4) 3 6.6, }em 8.8, H-C4), 4.30 (ddd, 1H,3» 4.9, 346.1, } 6.6, H-C3), 9.68
(d, 1H, 32 1.3, H-C1).

3.5.2. Of dithioacetal 4

Following the above-described hydrolysis procedure, starting from compbuido8 g, 5.21 mmol)
in acetone—water (16 ml), Hg&(3.34 g, 12.3 mmol) and HgO (3.34 g, 15.4 mmol), paie(l.5 g,
guantitative yield) was obtained as a colorless oil.

3.5.2.1. 2-O4Butyldimethylsilyl)-3,4-O-isopropylidene-erythrose17. R{=0.6 (hexane:RO, 2:1);
[x]p%°=-1.2 (c 1.0, CHQ); spectroscopic data df7 are coincident with those reportéef 'H NMR §
0.08 and 0.10 (2s, each 3H, (g}Si-), 0.91 (s, 9H, (CH)3CSi-), 1.34 and 1.43 (2s, each 3H, C(§)}),
3.92 (dd, 1H, 43 5.9, Jem 8.4, H-C4), 4.02 (dd, 1H4J3 6.1, }em 8.4, H-C4), 4.05 (dd, 1H,2): 1.6,
J36.1, H-C2), 4.24 (m, 1H, H-C3), 9.65 (1H, d,211.6, H-C1).

3.5.3. Of dithioacetal5

Following the above-described hydrolysis procedure, starting from comptaido8 g, 5.21 mmol)
in acetone—water (16 ml), Hg&(3.34 g, 12.3 mmol) and HgO (3.34 g, 15.4 mmol), pa&(1.5 g,
guantitative yield) was achieved as a colorless oil.

3.5.3.1. 20-(Benzyl)-3,40-isopropylidenep-erythrosel8. R;=0.4 (hexane:RD, 1:2); [x]p?°=+28.7
(c 1.2, CHC}); spectroscopic data of compoufh# are coincident with those previously reporféd:'H
NMR § 1.34 and 1.43 (2s, each 3H, C(e)k), 3.82 (dd, 1H, 9, 2.0, 3 36.1, H-C2), 3.92 (dd, 1H 4}
5.5, 3em8.6, H-C4), 4.07 (dd, 1H4Jd3 6.3, $em 8.6, H—C4), 4.35 (ddd, 1H,34 5.5, 32 6.1, 3 4 6.3,
H-C3), 4.73 (AB system, 2Hgdn11.6, PhCH-), 7.35 (d, 1H, 2.0, H-C1).
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3.5.4. Of dithioacetab

Following the above-mentioned procedure for the hydrolysis of compaystarting from compound
6 (355 mg, 1.42 mmol) in acetone—water (5 ml), Hg®08 mg, 3.34 mmol), and HgO (908 mg, 4.19
mmol), purel9 (184 mg, 90%) was obtained as a colorless oil.

3.5.4.1. 2-Deoxy-3,D-isopropylidenen-glycero tetrose19. R;=0.23 (hexane:isopropanol, 25:1);
[«]p?°=+17.5 (c 0.6, CHG)); 'H NMR § 1.37 and 1.42 (2s, each 3H, C(@h), 2.65 (ddd, 1H,5; 1.2,

b 36.1, Jem17.3, H-C2), 2.85 (ddd, 1HpJ} 1.8, } 3 6.7, Jem 17.3, H-C2), 3.59 (dd, 1H,4} 6.7,
Jyem 8.3, H-C4), 4.19 (dd, 1H,4d3 6.1, Jem 8.3, H-C4), 4.54 (dddd, 1H,3}b=% 4 6.1, 3 7=} 4 6.7,
H-C3), 9.81 (dd, 1H,+} 1.2, J 7 1.8, H—C1);:3C NMR & 25.5 and 26.8 (G%H3).), 47.8 (C-2), 69.1
(C-4), 70.6 (C-3), 109.3G(CHz)2), 200.1 (C-1); IR (KBr, liquid film): 3000, 2750, 1730, 1460, 1385,
1375, 1230, 1160, 1070 ¢ MS (m/e) (relative intensity): 129 (7%, MCHsz), 116 (1, M—CO),
114 (1, GH1002%), 101 (3, GHy02"), 85 (7, GHs50,"), 69 (100, GHsO"), 59 (17, GH;0"), 43 (3,
C2H30%). Anal. calcd for GH1203: C, 58.32; H, 8.39. Found: C, 58.21; H, 8.43.

3.6. Addition of EETMS to aldehydes. General procetfure

3.6.1. To aldehydé&7

1.6 M n-BuLi (4 ml, 6.45 mmol) was added dropwise to a solution of EETMS (784 mg, 5.16 mmol)
in dry THF (3 ml) at —20°C. The solution was warmed to 0°C and stirred for 30 min. Aldeftyde
(1.4 g, 5.16 mmol) in THF (2 ml) was slowly added at -50°C and the reaction mixture was allowed
to reach room temperature (for ca. 90 min), then quenched with saturated aquegksiidtion and
extracted with dichloromethane X3 ml) and ethyl acetate (3 ml). The combined organic extracts were
dried (NaSQ,) and the solvent was removed in vacuo. The crude reaction (2.3 g; quantitative yield by
1H NMR spectrum) was dissolved in THF (15 ml), and without further purification, treated with LiAIH
(600 mg, 15.8 mmol). The reaction mixture was warmed at 45°C and stirred for 4 h. The above-described
work-up yielded a residue, which was purified by flash chromatography (hexg@e 1) affording the
product20 (1.02 g, 3.44 mmol, 67% yield) and a mixture2i and21 (237 mg, 0.8 mmol, 16% yield).
Successive flash chromatography (hexan®ER0:1) did not allow isolation of stereocisom2t as a
pure form.

The diastereomeric ratio (88:12) was determined by integration of well separated signals (H-C5) of the
1H NMR spectrum by further transformation of an aliquot of the reaction mixture into the corresponding
di-O-isopropylidene derivative®2 and23.

3.6.1.1. 4,50-Isopropylidenee-ribose  diethyldithioacetal 20. Rf=0.30 (hexane:RO, 1:1);
[«]p20=+9.4 (c 2.03, CHG); 'H NMR & 1.29 (t, 6H, Jic 7.4, ((H3CH,S)-), 1.37 and 1.45 (2s,
each 3H, C(CH)y), 2.66-2.78 (m, 5H, (CkCH,S)-, HO-C3), 3.15 (d, 1H, gh2 3.6, HO-C2,
exchangeable with £D), 3.75 (ddd, 1H,3); 4.1, 3 0on 3.6, 33 7.1, H-C2, the signal turned into dd on
addition of DO, %1 4.1, 3 37.1), 3.98 (m, 1H, H-C3, the signal turned into dd on addition §®P% »
7.1, 348.2), 4.05-4.11 (m, 2H, H-C4 and H-C5), 4.22 (d, 1+5 4.1, H-C1), 4.38 (dd, 1H4¥ 6.6,
Jyem 11.8, H-C5); 13C NMR § 14.4 and 14.7 CH3CH,),S-), 25.6 ((CHCH,S)-), 26.4 (CCH3)y),
54.5 (C-1), 65.30 (C-5), 71.1, 74.5 and 76.3 (C-2, C-3, C-4), 109(Ck3),); IR (KBr, liquid film):
3475, 3000, 1455, 1385, 1375, 1215, 1160, 1065, 860, 790;awS (m/e) (relative intensity): 296
(2%, M*), 235 (2, M'=C,HsS), 217 (1, GoH1703S"), 177 (15, GH130S;Y), 161 (4, GH1304%), 135
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(100, GH11S%), 75 (45, GHsSY), 59 (50, GH;0%), 43 (49, GH30"). Anal. calcd for GoH2404S;: C,
48.62; H, 8.16. Found: C, 48.68; H, 8.14.

3.6.1.2. 4,50-Isopropylidenem-arabinose diethyldithioaceta?l. 'H NMR & 1.29 (t, 6H, Jic 7.4,
(CH3CH,S)-), 1.36 and 1.43 (2s, each 3H, C(e)k), 2.60-2.79 (m, 4H, (CECH,S)-), 3.39 (d, 1H,
Jic 2.3, HO), 3.74-3.76 (m, 1H, HO), 3.94-4.22 (6H, m, H-C1, H-C2, H-C3, H-C4, H-C&5);
13C NMR & 14.4 and 14.5 @H3CH,S)-), 23.5 and 25.2 ((CkCH2S)-), 25.4 and 26.9 (QEH3)2), 55.6
(C-1), 67.1(C-5), 70.2, 71.1 and 76.2 (C-2, C-3, C-4), 10€(LCHs3)2).

3.6.2. To aldehydé&6

Following the above-described procedure for the addition of EETMS to compbrrstarting from
compoundl16 (534 mg, 1.95 mmol) in THF (1 ml), EETMS (296 mg, 1.95 mmol) arBuLi (1.52
ml, 2.44 mmol), 900 mg (quantitative yield B4 NMR spectrum) of crude reaction were obtained,
and without further purification, dissolved in THF (5 ml) and treated at 45°C with LiAR25 mg, 5.9
mmol). The work-up described above led to a crude product containing compadn?s and26 in a
9:64:27 ratio (estimated by integration of the signals corresponding to H—C53hItN&IR spectrum of
the crude reaction). Column chromatography using hexag@:@10:1) as the eluent afforded pu24(27
mg, 5% yield) as a colorless oil and a fraction (387 mg, 67% yield) containing a mixture of compounds
25and26. After subsequent flash chromatography (hexan@E15:1) pure25 and26 were obtained as
colorless oils.

3.6.2.1. 2-Deoxy-4,®-isopropylidenen-threopentose diethyldithioacet@d. R;=0.40 (hexane:RD,
1:1), [x]p?°=27.5 (¢ 1.5, CHQ); 'HNMR § 1.27 (t, 6H, Jic 7.5, ((H3CH,S)-), 1.37 and 1.45 (2s, each
3H, C(CHg)2), 1.74 (ddd, 1H, 31 10.3, gem14.3, 332.6, H-C2), 2.04 (ddd, 1HpJ; 4.3, Jem14.3, ¥ 3

9.9, H—C2), 2.35 (d, 1H,al4,3 6.0, HO—C3, exchangeable withhD), 2.56-2.77 (m, 4H, (C§CH2S)-),
3.75-3.82 (m, 1H, H-C4), 3.82-3.95 (m, 1H, H-C3), 3.99-4.06 (m, 2H, H-C5), 4.10 (dd,; 2H, J
10.3, 4 7 4.3, H-C1);13C NMR & 14.5 ((CH3CH,S)-), 24.1 and 24.4 ((CECH,S)-) 25.2 and 26.5
(C(CHa3)>), 40.4 (C-2), 47.7 (C-1), 65.9 (C-5), 69.6 and 78.6 (C-3, C-4), 109.6 (G(FHMS (m/e)
(relative intensity): 280 (3%, ¥, 219 (2, M—C,H5sS), 201 (5, GoH1702S"), 161 (15, GH130,SY),
131 (93, GH100S"), 101 (11, GHy0,"), 85 (26, GHs0,"), 59 (100, GH;0O%), 43 (32, GH30"). Anal.
calcd for GoH2403S,: C, 51.39; H, 8.63. Found: C, 51.29; H, 8.64.

3.6.2.2. 4,50-Isopropylidenep-lyxose  diethyldithioacetal 25. Rf=0.34 (hexane:RO, 1:1).
[x]p?°=+22 (c 1.2, CHQ); *H NMR § 1.29 and 1.30 (2t, each 3Hyi) 7.4, (GH3CH,S),-), 1.39
and 1.45 (2s, each 3H, C(GH), 2.47 (d, 1H, dn 2 6.5, HO-C2, exchangeable with,D), 2.66 and
2.74 (2c, each 2H,\id 7.4, (CHCH2S)), 2.77 (d, 1H, dn 3 3.6, HO-CS3, exchangeable with,O),
3.72-3.76 (m, 1H, H-C3, the signal turned into dd on addition @D} » 8.5, % 4 3.2), 3.77-3.82 (m,
1H, H-C2, the signal turned into dd on addition of@ % 1 2.3, 338.5), 3.94 (dd, 1H,5)4 7.0, Jem8.4,
H-C5), 4.11 (dd, 1H,5)4 6.7, Jem 8.4, H-C5), 4.28 (d, 1H, 1J» 2.3, H-C1), 4.42 (ddd, 1H43 3.2,
Ji5 6.7, 35 7.0, H-C4);33C NMR & 14.5 and 14.6 {H3CH,S),-), 25.2 and 26.4 (CH3),), 25.7 and
25.9 ((CHCH2S)-), 54.7 (C-1), 66.4 (C-5), 71.1, 73.9 and 75.7 (C-2, C-3, C-4), 109(Zids)2); IR
(KBr, liquid film): 3495, 2995, 1460, 1385, 1375, 1215, 1160, 1065, 860, 793;ddS (m/e) (relative
intensity): 296 (3%, M), 235 (2, M—C2H5S), 217 (1, QOH1703S+), 177 (19, GH13OSZ+), 161 (7,
C7H1304+), 135 (100, @H]_lSer), 75 (30, QHsg), 59 (43, QH70+), 43 (30, QH30+). Anal. calcd for
C12H2404S;: C, 48.62; H, 8.16. Found: C, 48.65; H, 8.17.
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3.6.2.3. 4,50-Isopropylidenee-xylose  diethyldithioacetal 26. Rf=0.20 (hexane:RO, 1:1);
[x]p?°=+56.3 (c 0.25, CHG); *H NMR & 1.29 and 1.30 (2t, each 3Hyid 7.4, ((H3CH,S)-),
1.39 and 1.46 (2s, each 3H, @H3)2), 2.65 (d, 1H, dn 3 7.8, HO-C3, exchangeable with,D),
2.64-2.81 (m, 4H, (CECH2S),-), 3.36 (d, 1H, 3 2 2.8, HO-C2, exchangeable withyO), 3.51 (ddd,
1H, %»18.8, 301 2.8, 331.5 H-C2, the signal turned into dd on addition of@ % 1 8.8, 33 1.5),
3.86 (dd, 1H,d4 7.0, $em8.1, H-C5), 4.01 (ddd, 1HadH 7.8, 32 1.5, 3 45.1, H-C3, the signal turned
into dd upon addition of BO), 4.06 (d, 1H, 4, 8.8, H-C1), 4.08 (dd, 1H,;sJd; 6.5, Jem 8.1, H-C5),
4.28 (ddd, 1H, 435.1, 35 7.0, } 5 6.5, H-C4);*C NMR § 14.4 and 14.5 {H3CH,S)-), 24.0 and
25.7 ((CHCH2S)-), 25.5 and 26.5 (AH3)2), 55.3 (C-1), 66.1 (C-5), 70.3, 72.9 and 76.6 (C-2, C-3,
C-4), 109.8 C(CHs)2); IR (KBr, liquid film): 3425, 3000, 1450, 1385, 1210, 1165, 1080, 895, 810, 760
cm; MS (m/e) (relative intensity): 296 (2%, W, 217 (2, GoH1703S"), 177 (10, GH130S:"), 161
(12, C7H1304+), 135 (100, @H1152+), 101 (25, %HgOer), 75 (27, QH5S+), 43 (42, QH30+). Anal.
calcd for GoH2404S,: C, 48.62; H, 8.16. Found: C, 48.62; H, 8.15.

3.6.3. To aldehyd&9

Following the above-described procedure for the addition of EETMS to compbtrstarting from
compoundl9 (443 mg, 3.1 mmol) in THF (1 ml), EETMS (471 mg, 3.1 mmol) am&8uLi (2.43 ml,
3.89 mmol), 960 mg (quantitative yield Byd NMR spectrum) of crude reaction were obtained. The
crude reaction, without further purification, was treated with LiAllthder two different experimental
conditions:

3.6.4. Experiment A

The crude reaction (300 mg) was dissolved in THF (7 ml) and treated with Li&IBIO mg, 2.6 mmol)
at 45°C, and stirred for 1 h. The above-described work-up led to a crude mixture containing compounds
29, 30and31in a 59:23:18 ratio (determined by integration of signals of H-C5 it thBIMR spectrum
of the crude reaction). Column chromatography using hexas@:@t0:1) as the eluent afforded puz@
(120 mg, 0.45 mmol, 46% vyield) and a fraction (87 mg, 0.31 mmol, 32% yield) containing a mixture of
compounds80and31. After subsequent flash chromatography (hexan@FEt5:1), pureS0and31 were
obtained as colorless oils.

3.6.4.1. 2,3-Dideoxy-4,0-isopropylidenep-glycero  pentose  diethyldithioacetal 29. R;=0.25
(hexane:EBtO, 1:1). [x]p?°=+12 (c 0.6, CHQ); 'H NMR & 1.26 (t, 6H, Jic 7.4, ((H3CH,S)-), 1.35
and 1.41 (2s, each 3H, C(GH), 1.73-2.03 (m, 4H, H-C2, H-C3), 2.53-2.72 (m, 4H, (CH>S),-),

3.53 (dd, 1H, §4 6.7, Jem 7.5, H-C5), 3.81 (dd, 1H,13=3 7 6.4, H-C1), 4.04 (dd, 1H;sJd4 6.0, Jem
7.5, H—C5) 4.02—4.13 (m, 1H, H-C4%3C NMR § 14.5 (CH3CH,S)), 24.0 and 24.2 ((CkCH,S)-),

25.7 and 26.9 (@%Hs)2), 31.4 and 32.2 (C-2, C-3), 51.1 (C-1), 69.3 (C-5), 75.5 (C-4), 108(€K3)7);

IR (KBr, liquid film): 3010, 1455, 1385, 1375, 1220, 1155, 1065, 860, 790'cMS (m/e) (relative
intensity): 264 (19%, M), 249 (12, M—CHg), 203 (19, M-C;Hs5S), 189 (17, GoH;170,S"), 145 (100,
C7/H130S"), 117 (34, GH130,%), 101 (64, GHyO"), 83 (43, GH;O"), 61 (11, GHsS"), 43 (35,
C,H30%). Anal. calcd for G2H240,S;: C, 54.50; H, 9.15. Found: C, 54.68; H, 9.12.

3.6.4.2. (R)-3-Deoxy-4,50-isopropylidenep-glycero  pentose diethyldithioacetal30. Rf=0.60
(hexane:EO, 1:1); [x]p?°=+52.4 (c 0.6, CHQ); 'H NMR & 1.21 and 1.22 (2t, each 3H,]7.4,
(CH3CH2S)-), 1.30 and 1.36 (2s, each 3H, C(eh), 1.85 (ddd, 1H, 3> 8.2, Jem 14.2, 34 8.2,
H-C3), 1.99 (ddd, 1H,3, 3.0, Jem 14.2, & 4 4.6, H-C3), 2.57-2.74 (m, 4H, (G¥CH2S)-), 3.34
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(1H, d, bH,2 2.4, HO-C2, exchangeable with,0), 3.55 (dd, 1H, §)4 7.3, Jem 8.1, H-C5), 3.80 (d,
1H, %2 5.6, H-C1), 3.82-4.07 (m, 1H, H-C2), 4.04 (dd, 1K4)6.0, Jem 8.1, H-C5), 4.25 (dddd,
1H, 438.2, 33 4.6, }57.3, 35 6.0, H-C4);13C NMR § 14.5 and 14.6 {H3CH,S)-), 25.1 and
25.8 ((CHCH2S)-), 25.8 and 26.9 (@H3),), 36.9 (C-3), 57.7 (C-1), 69.5 (C-5), 72.1 and 74.7 (C-2,
C-4), 109.2 (C(CH)2); IR (KBr, liquid film): 3500, 3000, 1460, 1385, 1375, 1220, 1160, 1070, 870,
790 cn; MS (m/e) (relative intensity): 280 (5%, N, 265 (5, M"—CHs), 262 (3, M—H,0), 145 (40,
C7H1303%), 135 (100, GH11S;*), 115 (15, GH1102%), 107 (28, GH;S:*Y), 75 (56, GH7S"), 43 (36,
C,H30%). Anal. calcd for G2H2403S;: C, 51.39; H, 8.63. Found: C, 51.29; H, 8.64.

3.6.4.3. (&)-3-Deoxy-4,50-isopropylidenen-glycero  pentose diethyldithioacetal31. R;=0.67
(hexane:E£O, 1:1); [x]p?°=—42.6 (c 0.65, CHG); 'H NMR & 1.28 (t, 6H, Jic 7.4, ((H3CH,S)-), 1.37
and 1.42 (2s, each 3H, C(GH), 1.73 (ddd, 1H, J» 9.9, Jem 14.0, 4 4 4.5, H-C3), 2.12 (ddd, 1H,
k22.3, Jem14.0, 34 8.0, H-C3), 2.63-2.76 (m, 4H, (GBH2S)-), 2.95 (d, 1H, dn 2 3.3, HO-C2,
exchangeable with D), 3.61 (dd, 1H,5)4 7.1, em 8.1, H-C5), 3.79 (d, 1H,1.} 6.2, H-C1), 3.91 (m,
1H, H-C2, the signal turned into ddd on addition i %1 6.2, 3 3 9.9, 3 32.3), 4.12 (dd, 1H,54
6.0, Jem8.1, H-C5), 4.35 (dddd, 1H,.% 4.5, %38.0, 3 57.1, J 5 6.0, H-C4);'3C NMR & 14.4 and
14.5 (CH3CH2S)-), 24.6 and 25.5 ((CECH2S)-), 25.6 and 26.9 (Hs)2), 38.0 (C-3), 58.6 (C-1),
69.7 and 73.5 (C-2, C-4, C-5), 108.6(CHz3)2); IR (KBr, liquid film): 3500, 3000, 1460, 1385, 1375,
1220, 1160, 1070, 835, 790 ¢ MS (m/e) (relative intensity): 280 (3%, N, 265 (6, MF—CHs), 145
(38, G/H1303™), 135 (99, GH11S:%), 115 (20, GH1102%), 107 (37, GH;S:*), 75 (100, GH,S"), 61
(23, GHsS"), 43 (26, GH30%). Anal. calcd for GoH2403S,: C, 51.39; H, 8.63. Found: C, 51.32; H,
8.68.

3.6.5. Experiment B

The crude reaction (650 mg) was dissolved in THF (14 ml), treated with LiA®88 mg, 6.3
mmol) and refluxed for 1 h. The above-described work-up led to a residue which was purified by flash
chromatography (hexane:&, 10:1) to yield pure9 (392 mg, 1.5 mmol, 71%) as the only product.

3.7. Acetonation. General procedd?é

3.7.1. Ofdiol20

To a solution of diol20 (89 mg, 0.3 mmol) in €Hg (2 ml), 2,2-dimethoxypropane (DMP, 0.074 ml,
0.6 mmol), and PTSA (0.85 mg, 4.800°2 mmol) were added. The mixture was refluxed for 30 min,
and then the solvent was removed under reduced pressure. DMRQZImg, 0.17 mmol) in GHe (1
ml) was subsequently added, the solvent was evaporated under reduced presssure, and the residue was
treated with a saturated aqueous solution of NakICIOml) and pentane (4 ml). The organic layer was
washed with a saturated aqueous solution of NaCl, dried oves@®a and the solvent removed under
reduced pressure. The resulting crude reaction was purified by flash chromatography (he®aid€:HEj
to afford pure22 (97 mg, 97%) as a colorless oil.

3.7.1.1. 2,3:4,5-D-isopropylidenen-ribose diethyldithioacetal22. R;=0.47 (hexane:RO, 4:1);
[x]p?°=-121.6 (c 0.74, CHG); 'H NMR & 1.28 and 1.29 (2t, each 3H;J7.4, ((H3CH,S)-), 1.34 (s,
6H, C(CHg)2), 1.42 and 1.49 (2s, each 3H, C(e)b), 2.63-2.84 (m, 4H, (CECH2S),-), 3.92 (dd, 1H,
J5,45.6, em8.6, H-C5), 4.11 (dd, 1H3} 6.5, 34 9.3, H-C3), 4.15 (dd, 1H5J4 6.2, }em8.6, H-C5),
4.28 (d, 1H, 4,4, H-C1), 4.56 (dd, 1H2} 4, »36.5, H-C2), 4.64 (ddd, 1H43 9.3, % 55.6, } 5 6.2,
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H—C4); 13C NMR § 14.5 and 14.4 @H3CH,S),-), 24.7 (CCH3)> and CHCH,S), 25.5 (CHCH,S),
25.4, 26.5 and 26.8 (CH3)2), 50.2 (C-1), 68.31 (C-5), 73.2, 76.7 and 81.3 (C-2, C-3, C-4), 109.2 and
109.7 C(CHa)2); IR (KBr, liquid film): 3000, 1455, 1385, 1255, 1215, 1160, 1070, 855%GmIS (m/e)
(relative intensity): 336 (8%, M), 263 (3, G1H1003S,"), 217 (22, GoH1703S"), 177 (6, GH902S,Y),

135 (100, GH11S;™), 101 (34, GH9O2"), 87 (53, GH702"), 85 (32, GHs50."), 43 (100, GH30").
Anal. calcd for GsH2504S;: C, 53.53; H, 8.39. Found: C, 53.49; H, 8.41.

3.7.2. Of crude reaction of dio®0 and21

To a solution of crude reaction containing di@@and21 (178 mg, 0.6 mmol) in gHs (4 ml), DMP
(0.15 ml, 1.2 mmol) and PTSA (1.7 mg, 8.6 mmol) were added following the above-described procedure
for the acetonation of compourD. Work-up led to a crude mixture (200 mg) containigg23 in a
88:12 ratio determined bH NMR (H-C5). Column chromatography using hexang@¢25:1) as the
eluent, afforded pur22 and23 as colorless ails.

3.7.2.1. 2,3:4,5-DP-isopropylidenep-arabinose diethyldithioacetal,23. R{=0.42 (hexane:kD,
4:1); [®]p?°=+102 (c 0.57, CHG); 'H NMR & 1.26 and 1.28 (2t, each 3H,.J7.4, ((H3CH,S)-), 1.34,
1.38, 1.42 and 1.45 (4s, each 3H,GE{3)2), 2.67-2.80 (m, 4H, (CECH,S)-), 3.96 (dd, 1H, g4 4.2,
Jyem 8.3, H-C5), 4.03 (d, 1H,1} 2.6, H-C1), 4.05-4.16 (m, 3H, H-C3, H-C4 ant-85), 4.29 (dd,
1H, 312.6, 336.9, H-C2);'3C NMR & 14.3 and 14.4 {H3CH,S)-), 24.9 and 25.2 ((CkCH,S)-),
26.6, 27.1, 27.3 and 28.3 (CH3)2), 52.3 (C-1), 67.7 (C-5), 77.1, 79.1 and 84.4 (C-2, C-3, C-4), 109.7
and 110.2 C(CHs)y); IR (KBr, liquid film): 3000, 1460, 1385, 1375, 1220, 1160, 1070, 890, 855'¢m
MS (m/e) (relative intensity): 336 (10%, N 263 (4, G1H1903S;"), 217 (27, GoH1703S"), 177 (4,
CeHo02S,"), 135 (73, GH11S2™), 101 (30, GH9O2"), 87 (32, GH702"), 85 (27, GHs02™), 43 (100,
CoH30%). Anal. calced for GsH2804S,: C, 53,53; H, 8.39. Found: C, 53.51; H, 8.43.

3.7.3. Of diol25

Following the above-described procedure for the acetonation of comg@@,iathrting from compound
25(32.2 mg, 0.11 mmol) in He (1 ml), DMP (0.027 ml, 0.22 mmol), and PTSA (0.31 mg, @D
mmol), compound27 (19 mg, 0.055 mmol, 50% yield) was obtained as a colorless oil after flash
chromatography using hexaneiBt(15:1) as the eluent.

3.7.3.1. 2,3:4,5-D-isopropylidenen-lyxose diethyldithioacetal7. R;=0.35 (hexane:RO, 4:1);
[]p?°=-35 (c 0.33, CHGJ); 'H NMR & 1.28 (t, 6H, Jic 7.4, (GH3CH,S)-), 1.36, 1.38, 1.44 and 1.54
(4s, each 3H, C(Ch)2), 2.61-2.92 (m, 4H, (CECH>S)-), 3.85 (dd, 1H, §4 8.1, Jem 7.8, H-C5), 4.05
(dd, 1H, & 4 6.3, Jem7.8, H-C5), 4.14 (dd, 1H,3% 5.7, 3 4 3.0, H-C3), 4.21 (d, 1H,} 10.0, H-C1),
4.26 (dd, 1H, d110.0, 3 35.7, H-C2), 4.56 (ddd, 1H43 3.0, 358.1, } 5 6.3, H-C4);13C NMR § 14.2
and 14.4 (CH3CH,S)-), 24.0 and 24.8 ((CECH2S),), 25.3, 25.8, 26.5 and 26.7 (C3)2), 49.6 (C-1),
66.4 (C-5), 73.7, 76.4 and 79.0 (C-2, C-3, C-4), 109.0 and 1@6Hi3)>); IR (KBr, liquid film): 3000,
1460, 1385, 1260, 1220, 1160, 1070, 885 &nMS (m/e) (relative intensity): 336 (3%, N, 321 (4,
M*-CHz), 278 (4, GoH2,03S,%), 217 (27, GoH1703S"), 177 (31, GHe0»S,%), 135 (100, GH11S,™),
101 (59, GHyO,"), 87 (55, GH70,"), 85 (49, GHs50,"), 59 (58, GH;0O"), 43 (98, GH30"). Anal.
calcd for GsH2804S,: C, 53.53; H, 8.39. Found: C, 53.62, H; 8.36.
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3.7.4. Of diol26

Following the above-described procedure for the acetonation of comp&yr&tarting from com-
pound26 (32.5 mg, 0.11 mmol) in gHs (1 ml), DMP (0.027 ml, 0.22 mmol), and PTSA (0.31 mg,
1.61x10°3 mmol), compound8 (17 mg, 0.051, 46% yield) was obtained as a colorless oil after flash
chromatography using hexaneiBt(15:1) as the eluent.

3.7.4.1. 2,3:4,5-D-isopropylidenen-xylose diethyldithioacetal8. R;=0.36 (hexane:RO, 4:1);
[x]p?°=-55.1 (c 0.33, CHG); *H NMR § 1.27 and 1.28 (2t, each 3H,uJ7.4, ((H3CH»S)-), 1.38 (s,
3H, C(CHg)2), 1.44 (s, 6H, C(CH),) and 1.47 (s, 3H, C(Ck),), 2.66-2.85 (m, 4H, (CECH,S),-), 3.91
(d, 1H, 3 »5.2, H-C1), 3.92 (dd, 1Hg} 7.5, $em 8.0, H-C5), 4.06 (dd, 1Hgd4 6.7, $em 8.0, H-Cb),
4.15(dd, 1H,d27.4, 34 3.2, H-C3),4.34 (dd, 1H2J 5.2, 33 7.4, H-C2), 4.34 (ddd, 1H43 3.2, J 5
7.5, 35 6.7, H-C4);13C NMR § 14.3 and 14.4 {H3CH,S)-), 24.9 and 25.3 ((CKCH,S)-), 25.6,
26.1, 27.2 and 27.4 (CH3),), 53.0 (C-1), 65.9 (C-5), 75.3, 78.7 and 80.0 (C-2, C-3, C-4), 109.8 and
110.1 C(CHg)2); IR (KBr, liquid film): 3000, 1455, 1380, 1370, 1225, 1160, 1075, 995, 885'cMS
(m/e) (relative intensity): 336 (6%, M, 217 (5, GoH1703S"), 177 (4, GH90,S;"), 135 (81, GH11S;Y),
101 (56, GHy0O,"), 87 (32, GH70,"), 85 (33, GH50,%), 59 (43, GH;0O"), 43 (100, GH30%). Anal.
calcd for GsH2504S,: C, 53,53; H, 8.39. Found: C, 53.58; H, 8.38.
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